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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPDI:

OBCA/IBIKOB Bakpir Hopikbaiiyibl, TexHHKa FbUIBIMAAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akagemuri, A.b. bexrypoB aTelHmarsl XUMHS FBUIBIMAApPBI HHCTHTYTHL, (AnMarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIUS AJTIKACBI:

OBCOMETOB Mouic Kyasicyabl (6ac  peaakTopiblH — OpbIHOAcapbl), I€ONOTHs-MUHEPAIOTUst
FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥YFA akamemuri, Y.M. Axmencadun atemparsl I'maporeomorus
JKOHE TEOdKOJIOTUsSI MHCTUTYTHIHBIH JupekTopsl, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

7KOJITAEB I'epoii KoJrraiiyJibl, reonorusi-MIHHEPAIOryst FRITBIMAAPBIHBIH TOKTOPHI, ipodeccop, KP YFA
KypMeTTi axazemuri, (Ammarsl, Kasakcran), https:/www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY J[Ipumen, PhD, xaysivmpacteipeurran mpodeccop, HeOpacka yruBepcureriniy Cy FhUIBIMIaphI
3epTxaHacbiHblH  aupekropel,  (HeOpacka  mrarer, — AKIH),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typassl rpuibiMaap OemiMiHIH METPOTIOrHs JKOHE Maiaansl Kazdamap
KeH OPBIHIApHI CallaCBIHIAFEI 3epTTeyNIepiHiy jxerekurici, Taburu Tapux Mypakaitsl, (Jlonnon, ¥isiopuranus),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua bBopucoBny, TexHHKAa FBUIBIMIAPHIHBIH JOKTOpbI, HaHCH yHHBEpCHTETIHIH
npodeccopsr, (Hancu, @pannust), https:// www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

IIEH IIun, PhD, KpiTail reonorusyiblK KOFAaMbIHBIH Tay-KeH T'€OJOTHSICH KOMUTETI JUPEKTOPBIHBIH
opbIHOacapbl, AMEpPHKAHIBIK JKOHOMHKAIBIK T'COJOrTap KaybIMAACTHIFBIHBIH Mymieci, (Beibxin, Kpirail),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUUIEP Axceas, KaybIMIacThIpsLIFaH npodeccop, PhD, /lpe3nen TexHuKanbIK yHUBEpcHTeTi, ([pesneH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHoxoBHY, XUMUsI FBUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaigap XUMHSICHI MHCTUTYTHIHBIH KypMeTTi aupekropsl, (Munck, Bemapycsk), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIMH Credan, PhD, xaysiMpacteipsurran mnpodeccop, TexuukamsKk yHuBepcureTi ([[pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB ‘Kanaii, PhD, xaysimaacteipsuiran npodeccop, HasapbaeB yHuBepcureri (Acrtawa,
Kasakctan), https://www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHU IMaoao, PhD, xaysivpacteipsurran mpodeccop, bukokk Mmuman ynusepcuteti, (Muman,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEUICOBA Map:xaun Baiicankbi3bl — TexHuKa reutbIMaapbiHbIH JOKTOpBI, K.M. CoTOaeB aThiHIaFb!
Ka3zaky/iITTeIK3epTTey TEXHUKAIBIKyHIUBEpCUTEeTiHIHTpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii Toiidacapy/ibl, TeXHHKa FBUIBIMAAPBIHBIH JOKTOPBI, mpodeccop, «leodusmka sxoHe
celicmonorus» Kadenpacebly MeHrepymrici, K.M. CorGaeB arbiHmarsl Ka3ak YITTHIK 3epTTey TEXHHKAIBIK
yHuBepeuteti, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn yuuepcureriniy Tasty LIBIFbICTBI HEPCIEKTUBANBI 3€PTTEY OPTAJBIFHIHBIH
npodeccopsl, JIyHI yHHBEpCUTETIHIH TONBIK KypcTsl mpodeccopsl, (IIBemus), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, ApHdib yHHBEPCUTETiHIH X UMISIIBIK HEKCHEepHs (paKyIbTeTi skoHe LIIBIFbIC FRUTBIME-
3eprrey opranbirbl, (M3pawis), https://www.scopus.com/authid/detail.uri?authorld=8610969300, https:/www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #oHe TeXHUKAJBIK FBLIBIMAAP CEPHSCHI».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTHIK FBUTBIM akageMusicb» PKB (AnMars K. ).
Kaszakcran PecrnyOnukachiHblH AKnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMiHIH AKmapar KOMHTETiHJIe
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IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBu4, JOKTOp TEXHMYECKHMX Hayk, npodeccop, akazemuk HAH PK,
Wuctutyt xuMmudecknx Hayk uM. A.B. Bekryposa (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6504694468, https://www.webofscience.com/wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIET' ASI:

ABCAMETOB Mauuc KyabicoBuy, (3amMecTuTelb IVIABHOTO — pPEJAaKTOpa), JOKTOP  I'eoJIoro-
MHHEPAIOrHIeCKHX HayK, mpogeccop, akagemuk HAH PK, mupexrop MHCTHTYTa rTHAPOTE0IOTHI U F€0IKOIOTHI
um. Y.M. Axmencaduna (Anmarsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii ’KosrraeBu4, 1OKTOp re0I0rOMHHEPATOTHYECKUX HAYK, TPOdeccop, MOUETHBIH aKaIeMUK
HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https://www.
webofscience.com/wos/author/record/1939201

CHOY Jpumnen, PhD, acconunpoBanusil npogeccop, aupexrop JlabopaTropuu BOXHEIX HayK YHUBEpCHTETa
Heb6packu (mrar HeGpacka, CLIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBomutenb HCCIEIOBaHUi B 00JIACTH METPOJIOTMU U MECTOPOXKICHHM
MOJIe3HBIX UCKoTlaeMbIX B Otjiene Hayk o 3emie Mysest ecrectBernHol uctopun (JIonaoH, Aurms), https://www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MMAH®WJIOB Muxana BopucoBuy, 10KTop TeXHUUECKUX Hayk, Ipodeccop Yuusepcutera Hancu (Hancn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH Iun, PhD, 3amecturens aupexropa Komurera 1no ropHoil reosnoruu Kurtaickoro reojaoruueckoro
obmecTBa, WieH AMEPUKAHCKOH accoruanuy skoHoMmdeckux reosoros (Ilexwn, Kuraif), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUIIEP Axkcens, accounupoBanHbiii npopeccop, PhD, texuudeckuii yuusepcurer Jpesnen ([pesueH,
Bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buaagumup EHokoBHY, JOKTOp XMMHYecKuX Hayk, akagemMuk HAH Benapycu, nouerHsiii
mupexTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accoummmposanusii npodeccop, Texumueckuil ynusepcuteT ([lpesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAI'MHTAEB Kanaii, PhD, accorunpoanusiii npodeccop, Hazapoaes ynusepcurer (Acrana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTHUHMU Ilaoao, PhD, acconumposanusii npodeccop, Munanckuii yausepcurer bukokk (Mman,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHAa — JOKTOp TEeXHHYECKHX Hayk, Ipodeccop Kazaxckoro HammoHanbHOro mccienoBaTelIbCKOro
Texuuueckoro ynusepcutera um. K.M. Carnaea, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/ AAD-1173-2019

PATOB Bopan6aii ToiidacapoBu4, TOKTOp TEXHHYECKHX HaykK, mpodeccop, 3aBemyromuii kadeapoit
«T'eom3uka u ceiicmonorusy, Kasaxckuil HannoHansHbIN HCClIeOBATENIbCKUN TEXHHYECKHH YHUBEPCUTET M.
K.W. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, IIpopeccop LleHTpa nepcreKTBHbIX OIMKHEBOCTOUYHBIX HCCIEeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH U BOCTOUHBIN HayYHO-HCCIIENOBATEIbCKUIT
ueHtp, Yuusepcuter Apwousi, (M3pawmns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261
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Abstract. This paper considers the problem of utilisation of excess brines
generated during potash ore processing at the Verkhne-Kamskoe deposit. The
traditional method - discharge into water bodies - is not efficient enough and
does not take into account changes in the hydrological regime. It is proposed to
use filtration columns to purify brines before disposal, which requires efficient
calculation of the purification process. To model the filtration process, the concept
of mobile/immobile medium (MIM approach) is used to account for the interaction
of impurity particles with the solid skeleton of the medium. This two-phase kinetic
diffusion model incorporates the impurity adsorption and desorption parameters
experimentally determined and verified within the study. Numerical modelling was
carried out in a three-dimensional formulation taking into account the industrial
dimensions of the filtration column and unsteady filtration conditions. The
calculations are based on the solution of the system of equations describing impurity
transport and fluid filtration in a porous medium, taking into account Darcy’s law
and the Kozeny-Karman equation for permeability. The model takes into account
the change of solution density depending on salt concentration. The results of
numerical modelling show the dynamics of change of impurity concentration in
time and space, as well as deposition of impurity on the skeleton of porous medium.
The analysis of the obtained results allows to estimate the filtration efficiency and
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to determine the necessity of filter washing. It is established that the sand filter can
effectively reduce the concentration of salts in brines, while the need for washing is
determined when the critical level of contamination of the filter material is reached.
The conclusions of the work confirm the promising application of filtration columns
for purification of excessive brines of potash production and allow optimising the
process of waste disposal, reducing the environmental load on water bodies. The
results obtained can be used to design and optimise industrial water treatment
systems for potash production.

Keywords: water treatment, filtration column, highly concentrated brine,
porous medium, Brinkman model
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Annoranus. XKymeicta XKoraprel Kama keH opHBIHA KalTiil KeHepiH OalbITy
Ke3iH1e ai1a 00JIaThIH apTHIK TY3/IbI €PITIHIITIePIl )KOF0 MOCEIIeCi KapaCThIPhLIA b,
Hoctypii cy oObekTinepiHe TOry ofici METKIUTIKTI JIopekene THIMIII eMec JKOHe
THJIPOJIOTHSUTBIK PEXHMHIH e3repyiH eckepmelini. Komere »xapartmac OypwiH
TY3/bI epITIHAIIEp/ i Ta3apTy VIIH CY3Ti OaraHIapblH NMaiaanaHy YCHIHBIIAJBI,
OyJ1 Tazanay mporieciH THiMI ecenTeyai Kaxer ereri. Cy3y IpOIeciH MOACIbACY
YIIiH Kocra OeJIeKTepiHiH OpTaHbIH KaTThl KAHKACHIMEH dPEKETTECyiH eCKepPETiH
MoOmIBI/MOOMIBAI eMec opTa (MIM Tocini) TYKBIpBIMAAMachkl KOJIaHBLIA b,
Byn exi ¢azanbl kuHeTHKANBIK U dYy3UsT MOJENi KOCIIaHBIH aJICOPOIMICH MEH
JIeCOpPOIHACH TTapaMeTpIIepiH KaMTH/IBI, 3epTTey MICHOEepiHAe IKCTIEPUMEHTAIIBI
TYpJle aHBIKTAJIFaH XoHE TekcepinreH. CaHIBIK MOJEIbJACY CY3ri OaraHBIHBIH
OHEPKICINTIK OJIIIeMICPiH )KOHE CTAIMOHAPIIBIK eMEC CY3Y JKarIaiiapbelH ecKepe
OTBIPBIN, YII enmeMAai eHaipicre xyprizinai. Ecenreynep [apcu 3aHbiH koHE
oTKI3rimTiKk ymriH Ko3eHuW-kanTa TEHJIEYyiH ecKepe OTBIPHIN, KEYeKTi OpTaJarbl
KOCIIaHBIH TaChIMAIIJaHYbIH KOHE CYWBIKTHIKTHIH CY311yiH CHUITaTTANTHIH TEHACYIEeP
KYWECIH miemryre Heri3nenred. Mojenb Ty3 KOHIEHTpAIUsIChIHA OaiIaHBICTHI
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epITIH/IHIH THIFBI3IBIFBIHBIH 03repyiH eckepeni. CaHAbIK MOJIEThICY HOTIKENepi
YaKpIT TI€H KEHICTIKTEri KOocla KOHILEHTPALMACHIHBIH ©3repy JWHAMHKACHIH,
COHJIAl-aK KEyeKTi OpTaHbIH KaHKACBIHAA KOCIAHBIH TYHOACHIH KOpCETei.
ATBIHFaH HOTIDKENEP/l Talaay Cy3yAiH THIMILTITIH OaraiayFa ®oHE CY3TiHi Kyy
KOKETTUTITIH aHBbIKTayFa MYMKiHAIK Oepemi. KyMm cysrici Ty3asl epiTiHainepaeri
TY3Aap/IbIH KOHIICHTPAIHSICHIH THIM/TI TOMEHICTETiHI aHBIKTAIIBL, )KYY KaXKEeTTiJIIT1
CY3I'i MaTepHasbIHBIH JIACTAHYBIHBIH MaHBI3/IbI JICHIeHiHEe )KETKEH 1€ aHBIKTaJIa Ibl.
JKYMBICTBIH KOPBITBIHABUIAPHI KallMH OHIIPICIHIH apThIK TY3Ibl epiTiHAIIepiH
Ta3apTy YUIH cy3ri OaraHAapblH KOJNJAaHy MEPCHEKTUBACHIH PACTalIbl JKOHE CY
OOBEKTIIEpiHE JKOJOTHSUIBIK JKYKTEMEHI a3aiita OTBIPBIN, KaJJBIKTApAbl KOO
MPOIECiH OHTAMNIaHABIPYFa MYMKIHIIK Oepemi. AIIBIHFAH HOTIDKEIEep Kaui
OHJIIpici JKaFmaiibIHAa OHEPKACINTIK Cy TaszapTy >KYHelepiH jxobamay >KoHE
OHTaWJIaHIBIPY YIIIH Mal1aaHbLUTybl MYMKIH.

Tyiiin ce3mep: cyasl TazapTy, Cy3ri OaraHachl, )KOFapbl KOHIIGHTpalUsUIaHFaH
TY3/bI epiTiH/l, KeYeKTi opTa, OpUHKMaH MOJIETI.
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AunHoTanus. B pabore paccmarpuBaercs mpodiiemMa yTHIH3AIUH H30BITOYHBIX
pacconioB, 00pa3yrIUXCsl TPH OOOTAICHUH KaIWHHBIX pya Ha BepxHe-
Kamckom MecTtopoaeHuu. TpagulMOHHBIA MeToJ — cOpoC B BOJOCMBI —
HEMOCTaTOuHO S((EKTHBEH W HE YYHUTBHIBACT H3MEHEHHS THAPOIOTUYCCKOTO
pexkuma. [peamaraeTcss UCMONb30BaTh (GUIBTPAIIMOHHBIC KOJOHHBI /I OYHCTKU
pacconioB mepej| yTuiusaiuel, uro TpedyeT 3h(EeKTUBHOTO pacyera mporecca
OYHCTKH. JIJIs1 MOENTMPOBaHHUS Mpolecca GUIBTPAIMH UCTIONB3YETCS KOHIICTIIUS
MOOMITBFHO/HEMOOWITBHOH cpepl (MIM-moaxo), yUUThIBarOIIas B3aUMOICHCTBIE
YaCcTHIl TIPUMECH C TBEPABIM CKEIIETOM CpeAbl. DTa JIByX(a3zHas KUHETHUYECKas
Mozienb auddy3ur BKIIOYAET MapaMeTpbl aJcopOIUN U JeCOpOIUr MPUMECH,
IKCIIEPUMEHTAIILHO OTIPE/ICIICHHBIC H BEPU(DHUIIMPOBAHHBIC B PAMKAX HCCIICOBAHHUS.
YucneHHoe MOJICTHPOBAHUE MPOBOJMIOCH B TPEXMEPHON MOCTAHOBKE C YYETOM
MPOMBINUICHHBIX Pa3MepoB (HIBTPAIIMOHHONW KOJOHHBI W HECTAIlMOHAPHBIX
ycnoBuii unbTpanuu. PacueThl OCHOBAHBI HA PEIICHHUM CHCTEMbI ypPaBHEHUH,
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OIHCHIBAIOIINX TPAHCIIOPT MPUMECH U (PUIIBTPAIUIO )KUKOCTH B IOPUCTOHN cpejie,
¢ yuerom 3akoHa Jlapcu u ypaBHeHust Kozenu-KapmaHa jiisi mpOHHIIa€MOCTH.
Mopens yuuTBIBaET W3MEHEHHE IUIOTHOCTH pacTBOpa B 3aBUCHMOCTH OT
KOHIIEHTPAIMM COJH. Pe3yiapTaTsl YHCICHHOTO MOJEIMPOBAHUS MOKAa3bIBAIOT
AVUHAMUKY MU3MCHCHHSA KOHUCHTpAIMU NPHUMECU BO BPEMCHU U IMPOCTPAHCTBE, a
TaK)Ke OCAXKJCHHS TPUMECH Ha CKelleTe TOPHCTOW cpenbl. AHAIU3 MOTYyYEHHBIX
PE3yJIBTAaTOB IMO3BOJISET OLEHUTh A(PPEKTUBHOCTH (PUIBTPAIMK U ONPEICIUTh
HEOOXOAMMOCTh IMTPOMBIBKH (DUIIBTpA. YCTAHOBIICHO, YTO MIECOYHBIH (DUIIBTP MOXKET
2(h(eKTUBHO CHIKATH KOHIIEHTPAITHIO COJIEH B paccoiiax, TPH 3TOM HEOOXOAMMOCTh
ITPOMBIBKH OTIPEACISACTCS] M0 JOCTHKCHUU KPUTHYECKOTO YPOBHS 3arps3HCHUS
¢unpTpytomero Marepuana. BeIBoABI paOOTHI MOATBEPIKIAIOT IMEPCIIEKTUBHOCTH
IIPUMCHCHUA q)HJII)TpaHI/IOHHI)IX KOJIOHH JI1 OYHCTKH I/I36131TO‘IHI>IX paccoioB
KaJIMIfHOTO MPOU3BOJACTBA U IMO3BOJISIOT ONTUMHU3WUPOBATh MPOIECC YTHIIN3AINN
OTXO/I0B, CHUYas KOJIOTHYECKYH0 HAarpy3Ky Ha BOAOEMbI. [10iTy4eHHbIE PEe3yNbTaThl
MOTYT OBITh UCTIOJIH30BAHBI JIJIsl IPOCKTUPOBAHMS U ONTTUMHU3AIUH IIPOMBIIIICHHBIX
CUCTEM BOJIOOYMCTKH B YCIOBUAX KAINHHOTO TIPOM3BO/ICTBA.

KaroueBble  cjioBa:  o4yuCTKa  BOJbI,  (DUJIBTpPAIlMOHHAsl  KOJIOHHA,
BBICOKOKOHIICHTPHPOBAHHBIN paccoll, IOpHUCTas cpea, Mojesb bpuHkmana

Introduction. The largest potash and magnesium salt deposit is the Verkhne-
Kamskoye (VKMKMS). The resulting ore is a mixture of potassium chloride,
magnesium chloride and sodium chloride, with potassium chloride acting as the
main ‘useful component’. Currently, the beneficiation of potash ores is generally
carried out in the aqueous phase. In the aqueous phase beneficiation process,
approximately 1 m3 of water is required to dissolve one tonne of ore, resulting in
the need to remove and dispose of excess brines.

Despite advances in beneficiation and wastewater treatment technologies, to
date, in the VKMKMS area and in Europe, virtually the only method of disposal of
excess brine is discharge to surface water bodies. Given that the hydrological and
hydrochemical regimes of water bodies change significantly throughout the year,
while the production processes that create wastewater remain relatively stable,
it is important to synchronise these processes to reduce loads during periods of
water shortage (Kobylkin, et. al., 2022; Batukhtin, et. al., 2020; Golik, et. al., 2023;
Cherkasova, et. al., 2022). This synchronisation can be achieved through the use
of filtration columns that allow wastewater to be treated in a manner that meets
regulatory water quality requirements for disposal to surface water bodies. In the
implementation of this scheme, an efficient calculation of excess brine treatment
processes becomes a central issue (Pashkov, et. al., 2014; Malyukova, et. al., 2023).

Industrial water treatment and water purification is the process of removing
impurities and contaminants from the initial composition of the medium. In order
to obtain a liquid with specified quality parameters, complex systems of filters
and treatment plants are used. Analysing the filtration process in order to find an
effective way to control the water purification process when transporting a limited
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volume of impurity in a porous column is in demand, as it has wide application in
industrial scale (Batukhtin, et. al., 2018; Golik, et. al., 2023; Klyueyv, et. al., 2019).
Quite a large number of works have been carried out in the framework of laboratory
experiments and theoretical studies of systems characterised by laboratory scale
(Pang, et al., 2004; Agaoglu, et. al., 2012).

When a fluid flows in an array of porous media, there is a problem of visualising
the change in concentration of the solute dispersing in the carrier medium.
Experiments on visualisation of dispersion of dissolved substances within the
laboratory scale are performed on transparent model porous media of different
morphology. In this way, longitudinal and transverse dispersion coefficients are
evaluated as a function of fluid flow rate and appropriate dispersion regimes for
solute dispersion are determined (Gomez, et. al., 2010).

Typically, impurity transport is described by jointly solving the filtration
equations, in the framework of the classical Darcy model, and diffusion in the
Fickian approximation. However, the characteristic times of impurity removal in
such a model differ from the predicted ones by several orders of magnitude. For a
more correct description of the process, the concept of mobile/immobile medium
(MIM approach) was proposed (Maryshev, et. al., 2023). This concept takes into
account the interaction (adhesion/ detachment) of impurity particles with the solid
skeleton of the medium and is based on the two-phase kinetic model of diffusion.
This approach assumes the presence of two phases of impurity: settled (adsorbed)
impurity and free impurity drifting with the flow. In this paper, all the coefficients
of the MIM model are experimentally and theoretically determined and verified.

Several researchers have conducted laboratory experiments on contaminant
transport in sand columns (Nield, Bejan, 2017; Rolle, et al., 2009; Qian, et al.,
2015). In (Nield, Bejan, 2017), the authors investigated the flow and mixing
processes of variable density waters in porous media in laboratory reservoir models
and concluded that density variations can create complex flow and mixing patterns.
Rolle et al. (Rolle, et al., 2009) performed numerical simulations of laboratory
experiments using both conservative and reactive tracers under transient flow
conditions in porous media and found that the numerical results nearly matched
the measured concentrations and that transient flow enhanced lateral mixing
and mixing-controlled reactions. In (Qian, et al., 2015) presented a study on the
transport dynamics of sodium chloride and the food colourant brilliant blue FCF
through a column with homogeneous silica sand and found that sodium chloride
less behaves in an excellent manner and is a non-passive impurity characterised by
complex convective modes.

However, previous work on solute transport through porous aquifers has been
carried out for laboratory installations. Such studies have not been carried out
for industrial plants, which are characterised by dimensions of the order of ten
metres, in combination with the changing characteristics of the porous media due
to pore plugging (Kulikova et. al., 2024; Bosikov, et. al., 2023; Yaitskaya, et. al.,
2024). Thus, additional studies are needed to fully understand the behaviour of
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high concentration water flow and solute transport with changing porous skeleton
characteristics. Since a visualised study of the processes under industrial conditions
is not possible, numerical simulations of solute transport (which are continuously
pumped) are carried out within the scope of the present work under unsteady
conditions in a homogeneous porous media column.

Numerical modelling of sand filter operation is carried out within the framework
of the present work in order to assess the possibility of its application for reduction
of salt concentration in excessive brines of potash production. The calculations
are based on the MIM model of filtration developed in (Marysheyv, et. al., 2023).
The application of such filters will include a washing stage necessary to remove
accumulated contaminants. Numerical modelling allows, among other things, to
determine the frequency of washing and to calculate the filtration efficiency.

Problem Statement. Mechanical treatment of water is necessary to meet
regulatory standards for turbidity, transparency and colour, which is due to the
presence of insoluble suspended particles such as sand, clay, silt, colloidal iron and
silica, as well as pipeline rust, scale and other impurities in water. This method is
the most common way of water treatment. To organise industrial water treatment,
large-sized filters (Fig. 1), reaching heights of up to ten metres, are used.

Fig. 1. Example of an industrial mechanical filtration filter. Vertical filtration column

Methods. To describe the equations of impurity transport, we consider a small
physical volume of porous medium, V. Impurity transport is described on the
basis of conservation laws, and it is assumed that filtration flows of the considered
mixture completely fill the pore space. It is assumed that the internal structure of

174



ISSN 2224-5278 1.2025

the filter prevents the development of instabilities of filtration flows, in particular
the Rayleigh-Taylor instability. In this case, concentration convection of brine in
the porous medium can be neglected.

The part of the space not occupied by the skeleton of the porous medium is
called the pore space, V,. Following (Maryshev, Khabin, Evgrafova, 2023), we
will assume that part of the pore volume is filled by the carrier fluid and part by the
impurity. The analysis in (Maryshev, Khabin, Evgrafova, 2023) shows that part of
the impurity can be deposited on the walls of the skeleton of the porous medium. In
this case, the pore volume will be divided between three components: the volume
of the carrying fluid V, the volume occupied by the impurity deposited on the pore
walls ¥ and the volume of free impurity carried by the flow of the carrying fluid V.
Thus, in the framework of the considered model V, =V, +V +V.. It is convenient
to introduce a value characterising the volume of pores available for filtration flows:

V,=V,+V, Letus divide the expression V, =V, +V, by the total volume of the
medium V and write

$¢=¢,—q. 12\* MERGEFORMAT ()

where @ =V, /V is the porosity of the medium without impurity, #=V,/V
is the porosity of the medium taking into account the volume of settled (adsorbed)
impurity, ¢ =V;/V determines the volume concentration of the settled impurity.

Let us define the volume concentration of the mobile part of the impurity as
c=V,/V,. Then the law of conservation of impurity mass is written in the form:

9 (pe+q) =—div(43.)

ot , 34\* MERGEFORMAT ()

where the mass flux J can only be related to the mobile component of the
impurity. According to Fick’s law, the mass flux is calculated by the formula:

J.=-DVc+vc, 56\* MERGEFORMAT ()

where D is coefficient effective diffusion, v is velocity of liquid in pore or pore
velocity. The law of conservation of mass of liquid has the form:

o(¢(1-¢))
ot

Summarising these conservation laws, we obtain the incompressibility condition
for filtration of the mixture:

div(¢v)=divu=0, 910\* MERGEFORMAT ()

= div(¢DV (1-c)—v(I1-c)). 78\* MERGEFORMAT ()

where U= V@ is the filtration velocity. Thus, impurity transport can be
described by the following system of equations:

%(qﬁc + q) = diV(¢DVc —uc);

divu =0. 1112\* MERGEFORMAT ()
The filtration flow is calculated using Darcy’s law:

175



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

n_
- (¢) u=-Vp+pg, 1310* MERGEFORMAT 0

where K (¢) is permeability of the medium, 1 is dynamic viscosity coefficient,
p is liquid density and g is gravitational acceleration. It is assumed that settling of
particles on the pore walls occurs without significant change in the shape of the
porous medium grain, in this case permeability can be described as a single-valued
function of porosity. The most popular way of such description is given by the
Kozeny-Karman equation.

x(4)=7 ; i)Z | 1516\* MERGEFORMAT ()

where v is the Kozeny-Karman parameter depending on the shape and distribution
of the medium grains.

The transition of impurity from a mobile state to a stationary state will be
described in the framework of the MIM approach (Maryshev, Khabin, Evgrafova,
2023):

oq

ot

a(q,—q)c—Bq, 1718\* MERGEFORMAT ()

where @ =29.6 h™', B=7.7h" are adsorption and desorption coefficients,

respectively, ¢, =0.1 is saturation concentration of the non-mobile component
of the impurity. The values of the parameters are taken from (Maryshev, Khabin,
Evgrafova, 2023).

Research results. Three-dimensional numerical simulation of flow was carried
out in a columnar displacement array consisting of a porous medium characterised
by industrial spatial dimensions of industrial samples. A case corresponding to the
conditions where potassium salt is considered as a contaminant was considered.
It is assumed that the vertical column is a desalination system, the operation of
which results in saturation and clogging of the pores of the medium, at the end of
the operating cycle of such a filter and requires its washing. The geometry of the
calculation domain and the calculation grid are shown in Fig. 2. It is assumed that
the filter is almost completely filled with quartz sand. Modelling of brine flows in
the part of the filter not filled with sand was carried out on the basis of the standard
turbulence model (Parshakova, et. al., 2022).
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Fig. 2. Geometry of the computational domain (a) and computational grid of the proximity of the

inlet (b) and outlet (c) nozzles.

The dependence of density on concentration was given by the formula:
pP=p+C,

where £y =999.993 g/l is the density of pure water, C is salt mass concentration.
As an initial state C = 0 g/l was set. At the inlet of the calculation domain, a constant
operating pressure, p, =2.5 atm, and the constant impurity concentration, C,;=300
g/, were set. At the outlet of the design domain, normal atmospheric pressure was
set. At other boundaries the condition of absence of normal velocity component
was set, i.e. the boundaries were considered impermeable for the substance

Numerical modelling results. Based on the filtration model described above,
a three-dimensional numerical simulation of a vertical porous column has been
carried out to investigate the effects of flows on the change of porous medium
properties in industrial filtration columns during filtration. The results of the
calculations are shown in Figs. 3-5.
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Fig. 3. Impurity concentration in the vertical section and fluid current line at different time points:
(a) t =1 hour 20 minutes, (b) t =2 hours, (c) t =4 hours

The filter inlet is located above the level of sand backfill in the filter. As a result,
intensive turbulent fluid flows are observed in the upper part of the filter (Fig. 3),
leading to brine mixing and formation of a homogeneous displacement front in the
porous medium. At the same time, inside the porous medium the flow intensity is
much lower and the flow structure is close to a plane-parallel flow. The average
productivity of the filtration unit in the considered case was 8 m*/h.

o
-

Fig. 4. Dimensionless concentration of non-mobile impurity (q) in the vertical section at different
time points: (a) t = 1 hour 20 minutes, (b) t =2 hours, (c) t =4 hours

-I

©

Calculations have shown that during filtration a significant part of the impurity
passes into the non-mobile phase, i.e. settles on the skeleton of the porous medium.
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At the same time, the salt concentration in the mobile phase (in the filtration flow)
decreases. Fig. 4 shows dimensionless concentrations of non-mobile impurity (q)
at different moments of time. As can be seen, for example, in Figs. 3, b and 4, b,
the process of impurity deposition on the skeleton of the porous medium is quite
intensive even in the lower part of the filter, where at the considered moment of
time the salt concentration is quite low. As a result, a zone of deposited impurity
accumulation is formed, which can eventually lead to a decrease in filter capacity
and deterioration of cleaning efficiency. This process should be taken into
account when calculating the frequency of filter washing in order to maintain its
performance characteristics and to ensure the output of water with the required
quality parameters. Analysing the spatial distribution of concentrations makes it
possible to evaluate the filtration efficiency at different sections of the column and
to predict the moment when pore blockage begins and washing is required.

A

300 —

200 —

C, g/l

[}
I
I
I
I
I
I
I
I
100 — !
I
I
I

0 2 4 6 8 10
t,h

Fig. 5. Dependence of average (over the outlet section) concentration of impurity after cleaning on
time

The efficiency of the considered filtration system can be estimated by the
dependence of the average concentration of impurity at the filter outlet on time (Fig.
5). Modelling has shown that the filtration capacity of the system varies significantly
with time. Three main stages can be distinguished: ‘A’ - filtration efficiency is high,
the impurity is almost completely deposited on the skeleton of the porous medium;
“B” - average filtration efficiency, there is an increase in the salt concentration at
the outlet of the filtration unit; “C” - filtration efficiency decreases significantly. As
a result, it can be concluded that it is necessary to wash the filter every 3 hours to
remove accumulated contaminants. In this case, the time average salt concentration
at the filter outlet decreases to 15 g/1.

Conclusion. Three-dimensional numerical simulation of flow in a columnar
displacement array consisting of a porous medium characterised by spatial
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dimensions of industrial samples has been carried out. A modelling case with
potassium salt as a contaminant was considered. It is assumed that the vertical
column is a desalination system, as a result of its operation saturation and clogging
of the pores of the medium occurs, at the end of the working cycle of such a filter
requires its washing. Modelling of filtration was carried out on the basis of MIM-
model taking into account density stratification. The finite volume method was used
to discretise the governing equations and boundary conditions.

Three-dimensional numerical modelling of a vertical porous column was carried
out on the basis of this filtration model. The filtration efficiency has been evaluated.
It is shown that the column filled with fine fraction sand can be effective in re-
treatment for disposal of waste water into surface water bodies without exceeding
the maximum permissible concentrations. The advantage of this filtration plant is
its simplicity and relatively low cost of implementation. The disadvantage is the
necessity of frequent washing of the installation.
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